The apparent predictability of stock prices and the related profitability of investment strategies based on it has generated a great deal of research. Since the late eighties, momentum strategies have attracted a lot of the attention and have been found to be very profitable mainly for US stock market (NYSE and AMEX). A few papers (notable exceptions are Rouwenhorst (1998) and Chan, Hameed and Tong (2000)) have investigated this issue from an international perspective. In line with the recent literature this paper documents the profitability of momentum strategies in countries from the G-7 and explores some conjectures about the links existing between the return of these strategies, the business cycle and industries.
Industries, business cycle and profitability of momentum strategies: An international perspective.
Introduction
The study of the predictability of stock returns has attracted a lot of attention from researchers even before the birth of financial theory (e. g. Cowles (1933) ) and the development of the efficient market hypothesis by Fama (1970) . Until the beginning of the eighties, members of academia were quite confident that it was impossible to properly anticipate the future fluctuation of stock prices and design any profitable trading rules from the observation of past prices. At that time the results of the numerous different tests were unanimous: these trading rules were clearly unprofitable. Since that time things have changed. Researchers have discovered a number of ways to predict future stock returns in a time-series setting. Rules drawn from technical analysis have been shown to provide profitable results as has been demonstrated by Brock, Lakonishok and LeBaron (1992) . DeBondt and Thaler (1985) have investigated another pattern in stock prices that combine the time-series and cross-sectional settings. They have shown that so-called contrarian strategies are highly profitable. These strategies consist in ranking stocks according to their past 3 to 5-year performance and forming zero-cost portfolios that buy the loser stocks and short the winning stocks. When implemented on the US market, this strategy has been found to be quite profitable. The reverse strategy implemented on shorter horizon (3 to 24 months) has also been found to be profitable first by Lehmann (1990) and Jegadeesh and Titman (1993) . This strategy, which was called relative strength rule by technicians, has been popularized by the name of momentum strategies in academic research.
Outside the US market, similar results are found on other stock markets as well; see Schiereck and Weber (1995) for the German market, Bacmann and Dubois (2000) for the Swiss Market, Hameed and Yuanto (2000) for six Asian markets and Mai (1995) for the French market.
However, these papers do not cover the same period of time and the methodologies are not uniform. Two notable exceptions are Rouwenhorst (1998) who study the European stock markets and Chan, Hameed and Tong (2000) who focus their research on stock market indexes of twenty two countries. One of the goals of this paper is to extend internationally the evidence on the profitability of momentum strategies by analyzing stock markets of the countries member of the G-7. Moreover our paper gives some additional evidence on the ongoing debate on the source of the profitability of these strategies. It investigates their link with industries and the evolution of the business cycle in each of these countries.
The paper is organized as follows: the next section provides some selective literature review in the field of momentum strategies and section 3 describes the data. Section 4 presents the empirical results concerning the profitability of various momentum strategies for the G-7 countries. Section 5 examines the profitability of the same strategies conditional on the state of the business cycle. Section 6 suggests a new decomposition of the performance and section 7 concludes the paper. Lehmann (1990) and Lo and MacKinlay (1990) were the first to find that following a selffinancing investment strategy that recommends being long in recent losers and short in recent winners yields some profitable results on the short run (from one week to one month). These strategies are called "contrarian strategies". Their results were further expanded by Jegadeesh and Titman (1993) who found the opposite type of behaviour over the medium term horizon of 3 to 12 months. More precisely, they observed that momentum strategies (long in past winners and short in past losers) yield very profitable results. For horizons over 36-months a contrarian profit is again observed. As most of the evidence is obtained on the US markets it is important to ascertain whether this effect is present in other markets as well. These results were first confirmed from an international point of view by Rouwenhorst who also found profitable results for a 3-to 12-months horizons for more than 2100 individual stocks quoted on the 12 major European stock markets over the period 1978-1995. Similar results were obtained by Chan, Hameed and Tong (2000) for stock indices of 23 countries over the period 1980-1995. Momentum profits are still present although they are slightly less significant when applied to country indices.
Previous research
As this profitability is persistent, it is important to understand its sources. One way to address this issue is to attribute the performance of such strategies to various factors. Lo and MacKinlay (1990) based their decomposition on the random walk hypothesis (i.e. the time series of stock returns is described with a random walk with drift under the null hypothesis) while Jegadeesh and Titman (1993) referred to the factor model. In both cases, the profits are decomposed in three different parts. The first one is linked to the cross-sectional dispersion in stock returns. The second one is due to the autocorrelation of returns and the third one is the residuals called the "over/underreaction component". The results from this decomposition are far from being unanimous. Based on the Lo and MacKinlay decomposition, Conrad and Kaul (1998) claimed that most of the performance of momentum strategies was due to the crosssectional dispersion in expected returns although Jegadeesh and Titman (2001) showed that it might not be the case 3 .
Another line of research has been to explicitly assume some irrationality by investors and that momentum may be driven by investor's underreaction to new information as conjectured by Jegadeesh and Titman (1993) . There have been theoretical attempts to explain such behaviour as witnessed by the models of Barberis, Shleifer and Vishny (1998) and Daniel, Hirshleifer and Subrahmanyam (1998) . Although several other conjectures about the source of the profitability of momentum strategies have been proposed 4 , none of them has really been able to give a convincing answer to the question, which still remains open. Conrad, Cooper and Hameed (1999) showed that the momentum strategy is significantly influenced by the market condition: the profits of momentum strategies are substantially higher when the market is bullish. More specifically, the profits are due to the low profits to selling losers in up markets. Moskowitz (1998) documented conflicting results; he found momentum strategies to work best in recessions and when the market is doing poorly. These strategies are not profitable over the whole 1926-1994 period but that they are profitable since 1950; see Chordia and Shivakumar (2000) . These authors were the first to highlight that momentum strategies are predominantly profitable in expansionary cycles of the US economy as dated by the National Bureau of Economic Research. The link between macroeconomic variables and momentum profits is important from a theoretical standpoint. In fact, asset 3 A rational unconditional asset-pricing framework does not help in understanding the profitability of momentum strategies. The reason is that lagged factors are needed in order to explain momentum profits. The empirical evidence shows that factors like "size" and "book to market" do not exhibit such property (autocorrelation). 4 Among others Chordia and Swaminathan (2000) investigate the issue of transaction costs and trading volume.
pricing model like APT and ICAPM are mute concerning the factors driving stocks returns. Fama and French (1992) suggested that Book-to-Market and size are two candidates and Carhart (1997) added a third factor designed to capture the momentum effect. While Liew and Vassalou (1999) showed that the first two factors anticipate economic growth, they were unable to find such a relation for the momentum factor. Thus, the question is still open: is momentum a risk factor?
Recently, Moskowitz and Grinblatt (1999) showed that momentum profits are tightly linked to industries. More specifically, momentum profits in individual stocks disappear when controlled for industries. This result is challenged by Grundy and Martin (2001) who claim that it is not the case. They found momentum strategies based on stock-specific returns to be more profitable than those based on total returns. In their study, the profitability of a momentum strategy is not fully explained by the cross-sectional variability of expected returns or the risk exposure to a specific industry.
Our paper contributes to the ongoing debate by trying to give additional answers to the above mentioned questions. First it shows that momentum profits are present in most of the stock markets of the G-7 countries. Moreover it shows that these profits are related to industries as we investigate these strategies on indices from various industrial sectors. It also documents the relation of these profits with the business cycle of the various countries.
Data description

Data
This research analyses the profitability of momentum strategies in the countries of the G-7
(USA, Canada, Japan, UK, France, Germany, Italy The average monthly returns of cyclical industries is higher than the monthly returns of defensive industries for all the G-7 countries. Moreover the difference of returns (long in cyclical industries and short in defensive industries) is positive and significant (one sided t-test) with the notable exception of the Germany.
Finally, different sources are available to determine the phases, and more specifically the peaks and troughs, of the business cycles. The first to be mentioned is the US business cycle expansions and recessions provided by the National Bureau of Economic Research (NBER) which is the benchmark for the USA. However, as we are interested in studying G-7 countries, we need another indicator for the rest of the countries. We have used the cycle dating provided by the Organisation for Economic Cooperation and Development (OECD) 6 .
The dates of the troughs and the peaks do not coincide exactly with the ones suggested by the NBER during the period for which the data overlap. Another related problem is that the OECD data are lacking for the end of the period. This is the reason why we decided to compute directly the peaks and the troughs from the Industrial Production index of each country of the G-7. This information was also collected from Datastream on a monthly basis.
Business Cycle Dating
The determination and the duration of the cycle has received an enormous attention from macroeconomists. As our main goal is to study the return of momentum strategies, we do not discuss in great details the topic; the reader is referred to Kim and Nelson (1999) for recent econometric research on the topic. The method used in this paper is a standard one, developed by Hodrick and Prescott (1997) .
IP be the Industrial production of country i during month t. The series are examined separately. Each one is decomposed into two components:
where , ti g is a growth component (trend) and , ti c is a cyclical component. To obtain a smooth estimation of the growth component, the following criterion is minimized:
A standard value for the smoothing parameter with monthly data is 14400 λ = .
As suggested by Artis, Bladen-Hovell and Zhang (1998, p. 26) , we determined the trough and peak for each country of the G-7 by applying the following algorithm to the series after having removed the trend:
• Peak and trough follow one another in succession
• The minimum length required between any two consecutive turning points (a phase) is 9 months • The minimum length required between any two alternate turning points (a cycle of peak to peak or trough to trough) is 24 months • The turning point is located at the extreme value in intervening phases. If more than one extreme value is found in one phase, the latest observation is chosen as the turning point • An outlier (more than 3 standard deviation) will be ignored for the purpose of dating analysis unless the turning point subsequently defined is located immediately adjacent to that observation.
is a dummy variable equal to 1 when the economy is into an expansion phase (0 into a recession phase). A peak (trough) is characterized as being the end of sequence of 1 (0). We call this method Hodrick and Prescott filtering (HPF). The turning points (peak and trough)
for the G-7 countries are summarized in Table 2 .
[Insert Table 2]
This method is somewhat descriptive as it does not allow for a specific test of being in a given phase of the cycle. More sophisticated techniques like switching regimes, first developed by Hamilton (1989) , allow the researcher to obtain the probability of being in a phase. Their implementation is left for further research.
We find eight turning points for the US, Japan and Germany. This is exactly the same number of turning points referenced by the NBER (8) for the US. Moreover, the turning points obtained with this algorithm are close to the NBER reference dates. The correlation between NBER and HPF dummies is 0.54 and the correlation between OECD and HPF is 0.76 for the USA. We find six turning points for the UK, ten for Canada and twelve for France and Italy respectively. For the last two countries, the magnitude of the cycles is not pronounced during the eighties. We decided to take minor cycles into account. The results remain substantially the same when they are excluded.
The Profitability of Momentum Strategies
First, we replicate a set of strategies as previously implemented by Lehmann (1990) , Lo and MacKinlay (1990) and Conrad and Kaul (1998) By construction, the weights sum to zero (zero cost portfolio). The profit of the strategy is :
where j t π is the profit implied by the strategy and Table 3 , the profits of the standard strategies (normalized strategies) are presented for the G-7 countries.
[Insert Table 3 ]
First, as documented previously by Grinblatt and Moskowitz (1999) for stock indexes, the profits of the strategies (standard and normalized) are positive at 6 months, 9 months, 12 months, 18 months and 24 months for the US. Rouwenhorst (1998) finds similar results for individual stocks of 12 European countries. Despite the fact that both studies are based on equally weighting the first decile of winners (long) and the last decile of losers (short), the general conclusion remains unchanged. The profits are not very sensitive to the way by which the weights are computed. For all the G-7 countries, the 6 months normalized strategy is positive and significant (at 5%), the 9 months normalized strategy is also positive in six countries, Japan being an exception. The US are the only country for which the profits persist over 24 months.
Cyclical and Defensive over the Business Cycle
Preliminary Results
As we expect Cyclical and Defensive industries to perform differently over the Business Cycle, we define two equally weighted portfolios of cyclical indexes (Cyclical Portfolio) and of defensive indexes (Defensive Portfolio). The Cyclical Portfolio should outperform the Defensive Portfolio during the expansion periods while the reverse is expected during the recession periods. A first indirect confirmation of this conjecture comes from the results of Table 1 and 2. In these tables, we observe that cyclical sectors overperform defensive sectors and that expansion periods are more frequent than recession periods. Table 4 provides a formal test of this hypothesis.
[Insert Table 4]
In fact, our hypothesis is confirmed for Japan, France UK, Italy and Canada where Cyclical Portfolio performs better than Defensive Portfolio when the economy is in expansion. The evidence is mixed for the US as we do not to confirm our hypothesis. Nevertheless, the monthly average return of the zero-cost portfolio long in the Cyclical Portfolio and short in the Defensive Portfolio is positive but not significant at 5% (the p-value is 6%). Germany does not display this pattern, however we failed to find a profitable momentum strategy for this country.
The Case of the US
As the measure of the business cycles is subject to caution (i. ε is an error term.
The returns computed over h months overlap, thus the t-stats are corrected for autocorrelation and heteroscedasticity as suggested in Newey and West (1987) . We also test the equality of the average returns over the phases (expansion and recession). The results of both tests are presented in Table 5 for the standard (Panel A) and normalized (Panel B) momentum strategies.
[Insert Table 5]
The results clearly show that the performance of the momentum strategies (standard and normalized) strongly depends on the state of the economy. For all holding periods, the returns are systematically higher during the expansion phase. During recessions, the results are mixed: we obtain frequently negative returns. However, when the holding period is long (18 or 24 months), the returns are positive albeit insignificant. The unique exception is when the cycle is measured with the OECD dates and there are some significant average returns for recession periods. The coefficient of the expansion dummy is statistically higher than the recession coefficient. These results clearly establish that the performance of momentum strategies highly depends on the state of the cycle. Note also that the HPF method provides higher returns under expansion phases. Moreover, we are able to construct a portfolio with higher returns which tell us that the signal is given at right time. In that sense, NBER and HPF are closely related while the OECD dating does not permit to find any significant difference between and ER aa . In the next section, we extend the results for the G-7 countries.
Empirical Results for the G-7 Countries
The various business cycles for the G-7 countries are established with the HPF method applied on industrial production. We compute the average returns for momentum strategies for expansion and recession periods. Table 6a presents the results for the standard momentum strategy.
[Insert Table 6a ]
Four countries perfectly confirm our hypothesis of significant profitability of standard momentum strategies in expansion periods at all horizons considered: USA, France, UK and Canada. USA and Canada probably experience common economic conditions and have therefore relatively similar business cycle patterns. This is not the case for France and the UK which reinforces our findings. To a less extent, Germany belongs to this group of countries. In general, momentum are not significant for that country except for the 24 months horizon. This is precisely the horizon for which we find an asymmetric reaction of returns to the business cycle. The Italian case is more complicated in the sense that we find a momentum effect in both the recession and the expansion periods. This is probably due to the fact that we had some difficulties in identifying the phases of the cycle during the eighties and the nineties.
This problem is not unique to our methodology as it is also mentioned by the OECD. Finally, Japan does not seem to respond to the same logic as the other countries and presents different results. As we do not find evidence of profitable momentum strategies in Japan (see Table 3 ), it is not surprising to have no difference between recession and expansion periods.
The results we have found in the previous section show that the dispersion of the returns is higher with the standard strategy and that for at least two countries the profitability is hidden by extreme positions. Now we turn our attention to the normalized momentum strategy which does not suffer such problem. Table 6b presents the results for the normalized momentum strategy.
[Insert Table 6b ]
Our main results are confirmed. Moreover, for countries such as Germany and Japan, we find that momentum are also asymmetric for 6 and 9 months strategies. In general, these results confirm our hypothesis of momentum strategies profitability stemming from expansion periods of the economy.
However these results imply further research in at least two directions. The first is the determination of the state of the business cycle, in particular for countries such as Japan and
Italy which seem to behave very differently from the other ones. Industrial production may not be the best indicator to measure the evolution of the business cycle. Another direction that we want to pursue is to restrict our test periods to the sole ascending/descending phase of the cycle meaning that we want to exclude those months around the peaks/through. The way tests are actually performed around peaks for instance involves ranking stocks in ascending phase and holding them in a descending phase which may not be very accurate. Another direction worth investigating is to analyze the decompose the performance of the strategy depending on the state of the business cycle.
A Conditional Analysis of the Performance
The model
Currently there is a debate on the causes of the performance of the momentum strategies. Socalled heretics (for a detailed definition see Boudoukh, Richardson and Whitelaw (1994)) tend to attribute such results to the irrational behaviour of investors. For this school momentum strategies are a direct evidence that the market under-reacts to available information (i.e. past prices); see Barberis, Shleifer and Vishny (1998) among others. At the opposite, revisionists believe that the dispersion of returns is the main cause of the performance. In that case the profits of the strategy are a reward to risk and the anomaly disappears; see Conrad and Kaul (1998) under the hypothesis of a random walk (RWH) with drift. The main argument against the latter theory was exposed in Jegadeesh and Titman (2001) . These authors showed that the profits of the momentum strategies are proportional to the holding period under the RWH. For example, if a 3 months strategy is maintained during the next 3 months, the profits are expected to double. The empirical evidence clearly rejects the hypothesis. However, as the dispersion of stock returns across industries is not constant over the business cycle, we know that the RWH is unsustainable. Chordia and Shivakumar (2000) analysed the performance with a conditional factor model and showed that the profits of momentum strategies are just a compensation for risk bearing. The predictability of stock returns is the consequence of the predictability of the risk premium. However, this approach strongly depends on the robustness of the benchmarks which is not warranted; see Bossaerts and Hillion (1998) and on the stability of the relation through time which is also not warranted; see Ghysels (1998) .
We suggest a decomposition of the profits conditional on the state of the cycle in order to avoid this critical assumption. We assume that there are two states of the nature: recessions and expansions. Both states are exogeneously determined by the macroeconomic environment
We consider that, in each state of the nature, monthly stock returns are described by a random walk with drift. In particular, the average monthly returns are not equal under recessions and expansions. This hypothesis is in accordance with our previous findings in Table 4 At this point, two hypothesis are required to derive their decomposition:
• the universe of stocks is fixed for the whole period
• stock returns follow a random walk with a constant drift.
The first assumption induces a look ahead bias survival stocks at the end of the sample period are assumed to be known at the beginning of the period. A correction for this bias is suggested by Conrad and Kaul (1998) . The second assumption is the crucial one in order to derive the mains results: Our assumptions are different in that:
• we do not assume a fixed universe of stock
• monthly stock returns follow a switching regime depending on the state of the economy
• under each regime, stock returns follow a random walk with drift.
While conditional variance in stock returns is mostly driven by ARCH effects at the daily level, Hamilton and Susmel (1994) showed that ARCH effects disappear when the returns are computed monthly. In addition, a switching regime is still present at this frequency which is exactly what we assume. More formally, we have: (3) In Table 7 , we present the decomposition of the momentum strategies for each country and each horizon.
[Insert Table 7]
The main result of Table 7 is that the performance of the momentum strategies is explained by the dispersion of stock returns. The profitability index is never positive and significant. In some cases, especially for the 24 months strategy, the profitability index is negative and significant. However, even a contrarian strategy is not profitable because the variability is higher than the profitability index.
Another interesting result is that the variability of the strategy is high during the expansion periods while it is low during recessions. In particular, during the periods for which we find a the momentum strategies to be profitable. This result deserve a close examination and is left for further research.
Conclusion
This paper investigates the profitability of momentum strategies in international stock markets. The findings of the paper are the following. First it confirms that momentum strategies are profitable in the USA and more importantly in other countries from the G-7, warranting that it is not a country (US) specific phenomenon. It also confirms that the profitability of these strategies is linked to industries as we have worked with indices representing the various industrial sectors. We further investigate whether the profitability is linked to the evolution of the business cycle in respective countries. This is strongly confirmed by the data especially for USA, France, UK and Canada. Moreover, we find the profits of momentum strategies to be driven by the cross-sectional dispersion of stock indexes especially during expansion periods. Our the results found so far clearly call for more investigation to determine the origin of the dispersion of these strategies and to respond to the questions currently raised in this literature with our original dataset. Summary statistics of our industries are reported below including the total number of sectors (column 1) and the number of cyclical sectors (column 2) for each country. The average monthly returns of an equally weighted portfolio of cyclical indexes and defensive indexes are in column 3 and 4 respectively. The average monthly returns of a portfolio long in cyclical and short in defensives (column 5). All return estimates are multiplied by 100. Column 6 presents the t-stat for the null hypothesis of no excess return of cyclical against defensives. The critical value for in one-sided t-test is 1.64 at 5%. 
Table3: Average profits to trading strategies for different horizons
The weights invested at time t for the standard strategy: ,,, The critical value at 5% is 1.96. All profit estimates are multiplied by 100. 
